Fast radio bursts (FRBs) are milliseconds radio transients with large dispersion measures (DMs). An outstanding question is the relation between repeating FRBs and those with a single burst. In this paper, we study the energy distribution of the repeating FRB 121102. For a power-law distribution of energy dN/dE ∝ E −α E , we show that the value of α E is in a narrow range 1.6 − 1.8 for bursts observed by different telescopes at different frequencies, which indicates a universal energy distribution for FRB 121102. Interestingly, similar powerlaw index of energy distribution for non-repeating FRBs observed by Parkes and ASKAP is also found. Implications of such a universal energy distribution are discussed.
Introduction
Fast radio bursts (FRBs) are radio transients with extreme brightness temperatures that show large dispersion measurement (DM) (Lorimer et al. 2007 ; Thornton et al. 2013; Petroff et al. 2016) . Until now, only FRB 121102 and FRB 180814.J0422+73 show repeating bursts (Spitler et al. 2014 CHIME/FRB Collaboration et al. 2019) . FRB 121102 has been localized to a z=0.19 galaxy (Chatterjee et al. 2017) . A large sample of FRBs with redshifts can be used as potential cosmological probes (Deng & Zhang 2014; Gao et al. 2014; McQuinn 2014; Zheng et al. 2014; Zhou et al. 2014; Wei et al. 2015; Macquart 2018; Li et al. 2018; Walters et al. 2018; Li et al. 2019) . Before its cosmological implications, its progenitor should be known. Many progenitor models have been proposed for FRBs. However, the physical origin of FRBs is still mystery at present (Pen 2018) . A fundamental issue is relation between repeating FRBs and non-repeating ones (Caleb et al. 2018; Palaniswamy et al. 2018 ).
Many works have been carried out to statistically study FRBs from Parkes and ASKAP samples, which can give important constraints on their progenitors (Katz 2016; Lu & Kumar 2016; Li et al. 2017; Macquart & Ekers 2018; Luo et al. 2018; Cao et al. 2018; Lu & Piro 2019) . However, there is no redshift information for the FRBs in Parkes and ASKAP samples. The energy or luminosity derived from pseudo redshift is not reliable. Moreover, there are some selection effects for the two samples (Keane & Petroff 2015; Ravi 2019) .
In this paper, we focus on the repeating FRB 121102, which is discovered by Arecibo telescope at 1.4 GHz (Spitler et al. 2014 ). It has also been observed by Green Bank Telescope (GBT) at 2 GHz (Scholz et al. , 2017 , VLA at 3.5 GHz (Chatterjee et al. 2017; Law et al. 2017 ), GBT at 4-8 GHz , Arecibo telescope at 4.1-4.9 GHz (Michilli et al. 2018) and Effelsberg radio telescope at 4.85 GHz . There are more than 200 bursts from FRB 121102 at frequencies ranging from 1 to 8
GHz. An outstanding question appears, do these bursts observed by different telescopes at different frequencies follow a similar distribution? studied the frequency distributions of peak flux, fluence, duration and waiting time for bursts observed by Arecibo telescope at 1.4 GHz, and found these distributions are similar to those of soft gamma-ray repeaters (SGRs). The energy distribution is dN/dE ∝ E −1.8 . Similar energy distributions dN/dE ∝ E −1.7 of the VLA, Arecibo, and GBT bursts are found by Law et al. (2017) . However, a much steeper value of α E = 2.8 is derived by Gourdji et al. (2019) using 41 bursts observed Arecibo telescope at 1.4 GHz. Therefore, whether a universal energy distribution for FRB 121102 is controversial. In this paper, we study the energy distribution of FRB 121102 observed by Arecibo telescope, GBT and VLA at different frequencies.
The paper is organized as follows. The burst samples are listed in section 2. In section 3, we give the energy distributions. Finally, conclusion and discussions are given in section 4. Throughout this paper, we adopt a flat ΛCDM model with Ω M =0.27 and H 0 = 70 km s −1 Mpc −1 .
FRB samples
We collect the bursts of FRB 121102 by different radio telescopes at different frequencies, including the observation of VLA at 3 GHz (Chatterjee et al. 2017) , the observation of Arecibo at 1.4 GHz , the observation of Arecibo at 4.5 GHz (Michilli et al. 2018) , the observation of GBT at 4-8 GHz , the observation of GBT at 2 GHz (Scholz et al. , 2017 and the recent observation of Arecibo at 1.4 GHz (Gourdji et al. 2019) . For observation, burst energy can be calculated through
where d L is luminosity distance, F is burst fluence and ∆ν is the bandwidth of the observation. For the observation of VLA at 3 GHz by Chatterjee et al. (2017) , we adopt the energies given by Law et al. (2017) . We list the observation time (MJD), fluence, central frequency, bandwidth, duration and energy for different samples in tables 1 -6. In tables 2 and 6, the central frequency and the bandwidth are derived from the high frequency and low frequency given by Gourdji et al. (2019) . For the observation of Michilli et al. (2018) , we only consider first 16 bursts in their paper. Besides, only bursts observed by GBT at 2 GHz are considered in our analysis for the observation by Scholz et al. (2016 Scholz et al. ( , 2017 . Using these data, we derive the energy function of FRB 121102 at different frequencies.
Results
For small samples, a cumulative distribution is often used, because the small number of bursts is not sufficient to bin the data. A cumulative distribution is defined by the integral of the total number of events above a given value. It should be noted that we must consider the deviation from ideal power-law distribution. There are many effects that cause this deviation, such as the threshold of telescope and a physical threshold of an instability (Aschwanden 2015). Therefore, we adopt threshold power-law distribution to fit the cumulative distribution, which is
where E max is the maximum energy of FRB and α E is the power-law index of differential
The best fitting parameters can be derived by minimizing
where N ob is the number of observed bursts, N (> E) is the model-predicted number of bursts from eq.(2) and σ ob is the uncertainty of the cumulative distribution. The expected uncertainty of the cumulative distribution is (Aschwanden 2015)
We use an open source python package emcee (Foreman-Mackey et al. 2013) to constrain cosmological parameters through Markov chain Monte Carlo method. Figure 1 shows the fitting results of cumulative distributions for different samples. The best-fitting power-law indices are α E = 1.70 ± 0.10, 1.72 ± 0.09, 1.66 ± 0.12, 1.63 ± 0.06, 1.59 ± 0.10 and 1.81 ± 0.08 for samples from Chatterjee et al. (2017) , Spitler et al. (2016) , Michilli et al. (2018) , , Scholz et al. (2016 Scholz et al. ( , 2017 and Gourdji et al. (2019) , respectively. It is interesting that the value of α E is in a narrow range, i.e., from 1.6 to 1.8. Therefore, a universal energy distribution for FRB 121102 is found. This result is consistent with those of and Law et al. (2017) . However, a steeper value α E = 2.8 is found by Gourdji et al. (2019) using 41 bursts observed Arecibo telescope at 1.4 GHz. This discrepancy may be caused by choosing the threshold energy. Gourdji et al. (2019) discarded ten bursts with energy less than 2 × 10 37 erg. If these low-energy bursts are considered, the value of α E is around 1.8 (figure 5 of Gourdji et al. (2019) ), which is consistent with our result. Because the number of burst is small, we must try too include all the bursts. The Galactic scintillation also affect the observed radio emission from impulsive radio sources at high frequency (Macquart & Johnston 2015) . For example, the GBT bursts are affected by scintillation at 4-8 GHz, and this complicates calculation of the burst energies Hessels et al. 2018) . Therefore, the fitting result for GBT bursts is not quite well, which is shown in the panel 4 of figure 1.
Discussion and Conclusions
In this paper, the energy distribution of the repeating FRB 121102 is studied using six samples observed at different frequencies. We find a universal energy distribution for FRB 121102 with power-law index 1.6 < α E < 1.8. Some of the implications of our results are as follow.
First, we discuss the volumetric birth rate R F RB of the repeating FRBs. If the life time of each repeater is τ years, the volume density is R FRB τ . Assuming the formation rate of FRBs tracks the star formation rate (Hopkins & Beacom 2006) , the volumetric birth rate at redshift z < 1 is R 0 (1 + z) 3.28 , where R 0 is the local formation rate of FRBs. Considering each repeating FRB has r(> E min ) pulses with the energy larger than E min per day, we can derive the actual observed rate on sky as
where η is the active duty cycle, ζ is the beaming effect and 1 (1+z) is the effect of the time dilation. According the observation of FRB 121102 (Chatterjee et al. 2017; , the repeating FRBs are not always activate. We introduce η to represent the proportion of activate period in the total life and its value is taken as η = 0.3. A typical value ζ = 0.1 is taken for beaming effect (Nicholl et al. 2017) . We take the cumulative distribution of energy for VLA at 3 GHz as r(> E min ). The minimum energy in r(> E min ) can be calculated as E min = 4πd 2 L F min ∆ν, where F min = 0.5Jy ms is the fluence limit . For the observed FRB rate, Cao et al. (2018) estimated R > F min ∼ 1.4 × 10 4 events per day. Using above information, we obtain R 0 τ ∼ 2 × 10 3 Gpc −3 . The volume density of repeating FRB sources averaged over 0 < z < 0.5 is R FRB τ ∼ 5 × 10 3 Gpc −3 . Lu & Kumar (2016) derived the volume density of repeating FRBs as ∼ 10 2 − 10 4 Gpc −3 , which agrees well with ours. Assuming the luminosity function of repeating FRBs, Nicholl et al. (2017) Second, we compare our result with the energy distribution for non-repeating FRBs. Lu & Kumar (2016) assumed FRBs are produced by neutron stars at cosmological distances and its rate tracks star formation rate. They found that the observations of non-repeating FRBs are consistent with a universal energy distribution with power-law index 1.5 < α E < 2.2, which is consistent with our result. Moreover, the value of α E has a relative small range in our paper. More recently, Lu & Piro (2019) found the value of α E ∼ 1.7 from the dispersion measurement distribution of ASKAP FRB sample. This value is dramatically consistent with our result. The similar energy distributions between repeating FRB 121102 and nonrepeating FRBs may indicate that they share the same underlying physical mechanism (Lu & Piro 2019) .
Third, the energy distributions of other related phenomena are discussed. The giant pulses of Crab show a steeper energy distribution with α E = 2.1 − 3.5 (Mickaliger et al. 2012) . FRB energy distribution is consistent with magnetar burst (α E ∼ 1.6; Prieskorn, & Kaaret (2012) ; ), type I X-ray bursts (α E ∼ 1.5 − 1.7; ) and other avalanche events from self-organized criticality systems (Katz 1986; Bak et al. 1987; Lu & Hamilton 1991; Aschwanden 2011; Wang & Dai 2013; Zhang, Wang & Dai 2019) . 
